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Introduction
Arsenic (As) poses a serious threat to human beings, it is associated with several health risks such as skin lesions, cancer, and cardiovascular and renal diseases (Ratnaike 2003 ). Contaminated water is the principal source of As exposure. Rice is particularly efficient in As accumulation and toxic concentrations of As in rice grains has been reported (Ma et al. 2008 ). As rice is a traded commodity it thus, serves as an entry route for As in the food chain for regions where there is no As contamination (Mondal et al. 2010 ). Arsenic exposure to plants causes oxidative stress that damages tissue through enhanced production of reactive oxygen species (ROS). Although the exact mechanism is not known, there are increasing evidences to suggest that As leads to a disturbed cell redox state (Dixit et al. 2015 ). To cope with increased ROS in cells, plant system is protected by various radical The relationship between NO and SA signaling has been studied under biotic stress conditions. Nitric oxide treatment was shown to induce substantial increase in the levels of total SA, while NO activity have been also shown to be dependent endogenous level of SA In rice roots, arsenite (As III ) is known to be transported through silicic (Si) acid transporter, OsLsi1. While another transporter OsLsi2 mediates efflux of As III and Si towards the xylem (Ma et al. 2008 ). Recent reports have showed that the mechanism of Fe uptake correlates with the As accumulation and affects As transport in plants (Tiwari et al. 2014 ).
There have been a large number of transporters identified in plants that have the ability to transport iron. Natural Resistance Associated Macrophage Protein (NRAMPs), primarily identified as Fe transporters, also retain transport ability for other heavy metals.
OsNRAMP5 is polarly localized at the distal side of both exodermis and endodermis cells, and uptakes Fe as well as manganese (Mn) and cadmium (Cd) (Ishimaru et al. 2006 (Ogo et al. 2007 ).
In the present study, the role of NO and SA was evaluated in mitigating As III toxicity in hydroponically grown rice. The dependency of NO and SA on each other during As III stress and their effects on As and Fe transporters and mineral nutrition were investigated.
Oxidative stress related parameters were analyzed to explore the stress mitigation mechanisms. For germination studies, seeds were surface sterilized as described aboved and 50 seeds transferred to a Petri plate. Seeds were soaked with the above mentioned treatments in Milli-Q water for 5 d and germination rate was observed.
MATERIAL AND METHODS
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Growth conditions and experimental design
Biochemical analysis
For chlorophyll estimation, 100 mg fresh leaves were crushed in 5 ml 80% ice cold acetone and centrifuged at 10,000 g for 10 min. Chlorophyll content in supernatant was estimated as described by the method of Arnon (1949) . For thiobarbituric acid reactive substances (TBARS) and hydrogen peroxide estimation, 300 mg of roots or shoots were crushed in 3 ml
of 0.2% trichloroaceitic acid (TCA) (w/v), centrifuged at 10,000 g for 10 min, the supernatant was collected for further estimation. TBARS and hydrogen peroxide were estimated as described by Heath and Packer (1968) and Velikova et al. (2000) , respectively. For analysis of enzyme activities, leaves or roots (300 mg each) were ground using liquid nitrogen in a chilled mortar and pestle and extracted with 3 ml of ice-cold 100 mM potassium phosphate buffer (pH 7.5) containing 1% (w/v) poly-vinylpyrrolidone (PVP). The homogenate was centrifuged at 10,000 g for 15 min and the supernatant was used for enzyme assays. The activity of superoxide dismutase (SOD) was measured using the method as described by 
Element analysis
The elemental composition of the plants material was determined following method of 
Salicylic Acid Estimation
Presence of SA in the sample was analyzed by HPLC (Dionex Ultimate 3000, USA by using 
Statistical analysis
Analysis of variance (ANOVA), Duncan's multiple range test (DMRT) and Pearson's correlation analysis were performed to determine the significant difference between treatments at the 95% confidence level.
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RESULTS
Morphological changes
In the absence of As III , SA or NO has no significant effect on seed germination. Arsenite treatment drastically reduced the seed germination potential. Nitric oxide or SA treatment of the seeds decreased the negative impact that As III on seed germination potential (Supplemental Information Fig. S1 ). Nitric oxide and SA treatment enhanced the shoot, root length and total chlorophyll content in comparison to control. A more prominent growth response was observed in SA treated plants than NO (Table -1 and Supplemental Information Fig. S2 and S3). Exposure to As III decreased the shoot and root length by 27% and 47%, respectively, compared to the control. Arsenite treatment also had a similar affect on total biomass. The chlorophyll content was decreased by 44% in the As III exposed plants. Root and leaf growth was decreased under As III treatment (Supplemental Information Fig. S4 and S5 ).
Nitric oxide and SA supplementation along with As III , partially restored over all plant growth, particularly shoot length. Growth of root, leaf and total chlorophyll content were completely restored upto control levels. In absence of As III , SA was more responsive for growth enhancement, while in presence of As III , NO performed better.
Oxidative stress and antioxidant enzymes
Arsenite exposure increased hydrogen peroxide and TBARS concentrations in roots by ca. 4 and 2.5 fold and shoots by ca. 2 and 2.5 fold compared to the controls (Fig. 1A , B and Supplemental Information Fig S6 A, B) . Salicylic acid treatment significantly increased the level of hydrogen peroxide in the roots compared to the controls. Supplementation of SA or NO along with As III resulted in significantly decreased the production of hydogen peroxide and TBARS in comparison to As III alone treated plants (Fig. 1A , B and Supplemental
Information Fig S6 A, B) . Histochemical staining also showed higher level of superoxide M A N U S C R I P T A C C E P T E D 
1C-G and Fig S6C-G).
Endogenous levels of NO, SA and NR activity
The endogenous level of NO in roots did not change significantly by exogenous application of NO but exogenous application of SA enhanced the endogenous level of SA. Arsenite stress, however, caused a significant reduction in the concentration of NO which was decreased to half of the control. Nitric oxide and SA supplementation along with As III enhanced the level of endogenous NO by 35% and 77%, respectively compared to As III alone exposed roots, although the levels were still lower than control ( Fig.2A and Fig.3 ). The endogenous level of SA showed a significant increase by exogenous application of both NO and SA (56 and 250% respectively) in roots. In As III exposed roots, endogenous SA level was decreased by 63% than control roots. Nitric oxide supplementation along with As III did not change endogenous SA level while SA supplementation enhanced the endogenous SA level by 324% than As III stressed roots (Fig. 2B) .
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NR plays a crucial role in NO synthesis in plant systems. In NO treated plants, NR activity decreased by 6 fold while SA treatment enhanced the activity by around 9 fold compared to the controls. In As III stressed roots, NR activity enhanced by ca. 2 fold compared to controls. Salicylic acid supplementation further enhanced the NR activity by ca. 2 fold while NO supplementation decreased the NR activity ca. 5 fold compared to As III treated roots (Fig. 2C) .
Accumulation of arsenic and other elements
Arsenite exposed plants accumulated significantly higher amount of As. Most of the As (90%) was confined to roots, approximately 10% was transported to shoots ( expression when compared to the plants just treated with As III , although more reduction was observed in SA treated plants (Fig. 4A, B) .
Both NO and SA treatments enhanced the expression of all the Fe transporters studied, except OsFRDL1 which was not enhanced in response to NO. OsIRO2, a positive M A N U S C R I P T OsFRDL1 was enhanced in comparison to As III only treated plants (Fig. 4C-G) .
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Discussion
The present study analyze the effect of SA and NO on rice plants exposed to a toxic concentration of As (Table 1 and Supplemental Information Fig. S2, S4 ).
Nitric oxide treatment not only significantly reduces As accumulation in roots, but also restricts its translocation from roots to shoots. This is the first report on As III and NO interactions in plants and may be the crucial factor for NO-mediated protection against As . However, in our study, SA did not affect the accumulation of As in roots but decreased its accumulation in shoots (Singh et al. 2015) . This might be due to the activation of ABC transporters in the roots hence sequestering more As in root vacuole while restricting its entry to the shoots. Nitric oxide treatment, however, drastically decreased As accumulation in the roots as well as its translocation to shoots. OsLsi1expression which is responsible for internalisation of As III also showed a positive correlation with As accumulation in the roots (R=0.98, p≤0.05) while OsLsi2 expression, that is responsible for roots to shoots transport, was also positively correlated with As accumulation in the shoots (Supplemental Information Table S2 ).
The present study showed that As III treatment resulted in oxidative stress in terms of enhanced TBARS, hydrogen peroxide and superoxide radicals. Enhanced production of ROS and peroxidation of membrane lipids (i.e. increase in the level of TBARS) by As exposure has previously been reported in rice (Singh et al. 2015) . It was observed that antioxidant enzymes such as SOD, CAT, APX GPX and GR were enhanced in both roots and shoots under As III stress, potentially could be to counteract the oxidative stress caused by As 
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Arsenite stress significantly decreased NO-dependent fluorescence compared to control roots (Fig. 3A, 6 
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A positive correlation between SA and NO was found, with As III (R=0.89, p≤0.05) or without As III (R=0.88, p≤0.05), which means NO and SA work synergistically (Supplemental Information Table S2 ). Song and Goodman (2001) also concluded similar hypothesis that NO is fully dependent on the function of SA while NO is required for full functioning of SA in tobacco under biotic stress. Exogenous NO supplementation resulted in a drastic decrease in NR activity. This might be due to the feedback inhibition of NR activity in the presence of high level of NO. Though, under As III stress, NR activity was enhanced, but the level of NO was much lower than controls. This might be due to the consumption of surplus NO (due to enhanced NR activity) in the neutralization of As III induced ROS. In SA treated plants NR activity was many folds higher than control and also level of NO was correspondingly higher, indicating that SA treatment induces NO synthesis through NR. 
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It has been reported previously that OsIRO2 serves as positive regulator of genes involved in iron uptake and utilization (Ogo et al. 2007 
Conclusion
NO and SA both showed a protective role against As III stress. Arsenite stresse lead to oxidative stress burst and consequently activity of antioxidant enzymes was increased.
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